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VLJQLILFDQWIHDWXUHVGHVFULSWLYHVWDWLVWLFDOIHDWXUHVOLNHPHGLDQ PHDQNXUWRVLVHWFZHUHXVHG 6LJQLILFDQW IHDWXUHVZHUHVHOHFWHG
XVLQJGHFLVLRQWUHH - DOJRULWKPDQGFODVVLILFDWLRQZDVFDUULHGRXWXVLQJ 1DLYH%D\HV&ODVVLILHU DOJRULWKP
 ([SHULPHQWDOVHWXSDQG3URFHGXUH
7KHH[SHULPHQWDOVHWXSDQGH[SHULPHQWDOSURFHGXUHVDUHGHVFULEHGLQIROORZLQJVXEVHFWLRQV
 ([SHULPHQWDOVHWXS
7KHH[SHULPHQWDOVHWXS FRQVLVWVRIPRXQWLQJVWDQGWRZKLFKZHOGHGVSHFLPHQLVULJLGO\FODPSHGDVVKRZQLQ)LJ7KH
DFFHOHURPHWHULVIL[HGRQWKHIUHHHQGRIWKHZHOGHGVSHFLPHQDQGPRGDOO\WXQHGLPSDFWKDPPHUZDVXVHGWRH[FLWHWKHZHOGHG
VSHFLPHQ7KHSLH]RHOHFWULF,&3W\SHDFFHOHURPHWHUPHDVXUHVWKHUHVSRQVHRIWKHZHOGHGVSHFLPHQWRWKHH[FLWDWLRQIRUFH7KH
RXWSXWRIWKHDFFHOHURPHWHUDQGWKHPRGDOO\WXQHGLPSDFWKDPPHUZHUHFRQQHFWHGWRWKH1,'$4V\VWHP 7KHSURJUDPZDV
GHYHORSHGLQ/DE9,(:WRPHDVXUHWKHUHDFWLRQRI WKHV\VWHPWRWKHJLYHQH[FLWDWLRQIRUFHV
 ([SHULPHQWDOSURFHGXUH
7KUHHZHOGHGMRLQWVDPSOHVZHUHSUHSDUHG DUHVKRZQLQ)LJ 7KHILUVWZHOGHGMRLQWVSHFLPHQLV DKHDOWK\PHDQV ZLWKRXW
DQ\GHIHFWVZKLFKZDVSUHSDUHGE\WKHKLJKO\VNLOOHGZHOGHULQFRQWUROOHGHQYLURQPHQWVHFRQGVSHFLPHQZLWKDLUOLQHFUDFNGHIHFW
ZDVFUHDWHGGXULQJWKHZHOGLQJLQRUGHUWRVLPXODWHWKHDLUOLQHFUDFNGHIHFWLQWKHZHOGHGMRLQWDQGWKLUGVSHFLPHQZLWKLQFOXVLRQ
RIIRUHLJQSDUWLFOHLQWKHZHOGHGMRLQW7KHVSHFLPHQVZHUHSUHSDUHGIURPWKHPLOGVWHHOZLWKVWDQGDUGGLPHQVLRQIRUDOOWKHWKUHH
VSHFLPHQV 7KHYLEUDWLRQVLJQDOVZHUHUHFRUGHGIRUKHDOWK\DQGVLPXODWHGIDXOW\FRQGLWLRQVRIZHOGHGMRLQWV7KH IDXOW\
FRQGLWLRQVFRQVLGHUHGLQWKHSUHVHQWVWXG\DUH
 :HOGHGMRLQWZLWKDLUFUDFN
 :HOGHGMRLQWZLWK LQFOXVLRQRIIRUHLJQSDUWLFOH
)LJ([SHULPHQWDOVHWXS
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)LJ:HOGHGMRLQWVSHFLPHQVDGHIHFWIUHHZHOGHGMRLQWKHDOWK\ E ZHOGHGMRLQWZLWKDLUFUDFNDQGF ZHOGHGMRLQWZLWK LQFOXVLRQ
RIIRUHLJQSDUWLFOH
7RWDOVDPSOHVZHUHWDNHQZKHUHVDPSOHVZHUHIURPWKHKHDOWK\FRQGLWLRQDQGIRUHDFK GLIIHUHQWIDXOW\ FRQGLWLRQ 
VDPSOHVZHUHFROOHFWHGIRUVHFWLPHLQWHUYDODW N+] )LJ VKRZVWKHWLPHGRPDLQVLJQDOVIRUKHDOWK\ ZHOGHGMRLQW DQG
GLIIHUHQWVLPXODWHGIDXOWFRQGLWLRQV
'HIHFWIUHHZHOGHGMRLQW+HDOWK\
:HOGHGMRLQWZLWKDLUFUDFN :HOGHGMRLQWZLWK LQFOXVLRQRIIRUHLJQSDUWLFOH
)LJ 3ORWVRIWLPHGRPDLQVLJQDO
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 6WDWLVWLFDOIHDWXUHVH[WUDFWLRQ
)URPWKHREWDLQHGYLEUDWLRQVLJQDOVWDWLVWLFDOIHDWXUHVOLNHVWDQGDUGHUURU PHDQPHGLDQPRGHNXUWRVLVVXPUDQJH
VNHZQHVVPLQLPXPPD[LPXPDQG VWDQGDUGGHYLDWLRQDUHFDOFXODWHGDQGWHUPHGKHUHµVWDWLVWLFDOIHDWXUHV¶'HVFULSWLRQVRI
FRPSXWHGIHDWXUHVDUHH[SODLQHGEHORZ
6WDQGDUGHUURU,WLVWKHGHYLDWLRQLQYROYHGWRSUHGLFWRI \ IRUDQLQGLYLGXDO [ LQWKHUHJUHVVLRQZKHUH \ DQG [ DUHWKHVDPSOH
PHDQVDQGVDPSOHVL]H GHQRWHGDV µQ¶7KHVWDQGDUGHUURURIµ\¶LVFRPSXWHGDVIROORZV
ൌ σሺ െ ሻ െ ሾσሺ ሻሺ ሻሿ
ሺ ሻ

6WDQGDUGGHYLDWLRQ,WLVDPHDVXUHRIGLVSHUVLRQRIDVHWRIGDWDIURPLWVPHDQ,WFDQEHFRPSXWHGE\XVLQJ WKHIROORZLQJ
IRUPXOD
V ൌ σ ሺσ ሻ
ሺ ሻ

6DPSOHYDULDQFH,WLV WKHVTXDUH RIWKHVWDQGDUGGHYLDWLRQDQGLWLVFRPSXWHGXVLQJJLYHQEHORZIRUPXOD
V ൌ σ ሺσ ሻ
ሺ ሻ

.XUWRVLV,WVKRZVWKHVSLNLQHVVRUIODWQHVVLQVLJQDOV,QQRUPDOFRQGLWLRQRIWKH ZHOGHGMRLQW LWVYDOXHLVYHU\ORZDQGLQIDXOW
FRQGLWLRQVRIWKH ZHOGHGMRLQW EHFDXVHRIWKHVSLN\EHKDYLRXURIWKHVLJQDOVLWVYDOXHLVYHU\KLJK
ൌ ሺ ൅ͳሻሺ െͳሻሺ െʹሻሺ െ͵ሻσ
െ Ͷ െ ͵ሺ െͳሻ
ʹ
ሺ െʹሻሺ െ͵ሻ 
6NHZQHVV,WFKDUDFWHUL]HVPHDVXUHRIDV\PPHWU\RISUREDELOLW\GLVWULEXWLRQDERXWLWVPHDQ,WFDQEHFRPSXWHGE\JLYHQEHORZ
IRUPXOD
ൌ σ 
5DQJH,WLVWKH GLIIHUHQFHEHWZHHQPLQLPXPDQGPD[LPXPYDOXHVIRUDJLYHQVLJQDO
0LQLPXPYDOXH,WLVWKHYDOXHRIPLQLPXPVLJQDOSRLQWIRUDJLYHQVLJQDO:KHQWKH ZHOGHGMRLQWEUHDNVGRZQ WKHYLEUDWLRQ
OHYHOVUHDFKHV KLJK 7KXVLWFDQEHXWLOL]HGIRUPRQLWRULQJZHOGHG MRLQWTXDOLW\
0D[LPXPYDOXH,WLVWKHYDOXHRIPD[LPXPVLJQDOOHYHOIRUDJLYHQVLJQDO
6XP,WUHIHUVWRWKHYDOXHVREWDLQHGE\DGGLWLRQRISRLQWVIRUHYHU\VDPSOH
'HFLVLRQWUHH
'HFLVLRQWUHHLVWHUPHGDVDWUHHEDVHGNQRZOHGJHPHWKRGRORJ\ZKLFKUHSUHVHQWVUXOHVIRUFODVVLILFDWLRQ4XLQODQ
6XJXPDUDQHWDODQG6KDNWLYHOHWDO$VWDQGDUG WUHH JHQHUDWHGZLWK-DOJRULWKPFRPSULVHVRIRQH URRW
QXPHURXV EUDQFKHV QRGHV DQG OHDYHV )LJ2QHEUDQFKFRQVLVWVRIDEXQFKRI QRGH VWDUWLQJ IURP URRW WR OHDIDQGHDFKQRGH
IRUPVRQHIHDWXUH7KH RFFXUUHQFH RIDIHDWXUHLQDGHFLVLRQWUHHJLYHVWKHLQIRUPDWLRQUHODWHGWR WKHVLJQLILFDQFH RIWKHDWWULEXWH
UHODWHG7KHEULHISURFHGXUHLQYROYHGLQJHQHUDWLRQRI'HFLVLRQ7UHHDQGIHDWXUHVHOHFWLRQ LVJLYHQ EHORZ
x 7KHVHWRIIHDWXUHV LVWUHDWHG DVLQSXWIRU WKHDOJRULWKP DQGWKHFRUUHVSRQGLQJRXWSXW LVD'HFLVLRQ 7UHH
x ,WFRQVLVWVRIOHDIQRGHVZKLFKLQGLFDWHFODVVODEHOVDQG WKHUHVW RIWKHQRGHVUHODWHG WR WKHFODVVHVDUHEHLQJFODVVLILHG
x 7KHEUDQFKHVRIWKHWUHHH[KLELWHDFKSUHGLFWLYHYDOXHRIWKHJHQHUDWHGIHDWXUHQRGH
x )HDWXUHYHFWRUVDUHFODVVLILHGXVLQJGHFLVLRQWUHHVWDUWLQJIURPURRWRIWKHWUHHWRQRGHRIWKHOHDI
x (DFK GHFLVLRQ QRGH LQ WKH WUHH WKHPRVW XVHIXO IHDWXUH EDVHG RQ WKH HVWLPDWLRQ FULWHULDPRVW XVHIXO IHDWXUHV FDQ EH
FKRVHQ 7KHXVHIXOIHDWXUHLQGHPQLILHGEDVHRQWKHFULWHULDZKLFKLQYRNHVWKHFRQFHSWVRILQIRUPDWLRQJDLQDQGHQWURS\
UHGXFWLRQDUHH[SODLQHGLQVXEVHFWLRQEHORZ
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,QIRUPDWLRQ*DLQ DQG(QWURS\5HGXFWLRQ
µ,QIRUPDWLRQJDLQ¶ LVWKHH[SHFWHGGHSOHWLRQLQHQWURS\GXHWRSRUWLRQLQJWKHVDPSOHVDFFRUGLQJWRJLYHQDWWULEXWHZKHUHDV
µ(QWURS\¶ FKDUDFWHUL]HVWKHLPSXULW\RIDQDUELWUDU\FROOHFWLRQRIH[DPSOHV %\DGGLQJLQIRUPDWLRQRQHUHGXFHVXQFHUWDLQW\
,QIRUPDWLRQJDLQFRPSDUHVWKHHQWURSLHVRIRULJLQDOV\VWHPDQGWKHV\VWHPDIWHULQIRUPDWLRQLVDGGHG ,QIRUPDWLRQJDLQ6$RI
DIHDWXUH$UHODWLYHWRDDFFXPXODWLRQRIH[DPSOHV6LVGHILQHGHTXDOO\
ሺ ǡ ሻ ൌ ሺ ሻ െ σ ȁ Qȁ
ȁ ȁQא ሺ ሻ
ሺ Qሻ

:KHUH 9DOXHV$ LVWKHJURXSRIDOOSRVVLEOHYDOXHVIRU $ DWWULEXWHFRUUHVSRQGLQJ 6Y LVWKHVXEVHWRI 6 IRUZKLFKIHDWXUH $ KDV
YDOXH Y
,QWKHDERYHHTXDWLRQWKHWHUP 6 UHIHUVWRHQWURS\RIWKHRULJLQDOFROOHFWLRQDQGWKHQH[WWHUPLVWKHH[SHFWHGYDOXHRIWKHHQWURS\
7KHH[SHFWHGHQWURS\GHVFULEHGE\WKHWHUP $ LVWKHGLUHFWVXPRIWKHHQWURSLHVZKLFKEHORQJVWRHDFKVXEVHW 6Y7KHUHIRUH *DLQ
6$ LVWKHH[SHFWHGGHSOHWLRQLQHQWURS\GXHWRNQRZQYDOXHRIDWWULEXWH $
(QWURS\LVJLYHQE\
ሺ ሻ ൌ σ െ  
:KHUHFLVWKHQXPEHURIFODVVHV
3L LVWKHSURSRUWLRQRI6EHORQJLQJWRFODVVµL¶
 5HVXOWVDQGGLVFXVVLRQV
7KHVWDWLVWLFDOIHDWXUHV GLVFXVVHGDERYHDUHFRQVLGHUHGDVIHDWXUHVWRVHUYHDVLQSXWIRUWKHDOJRULWKP7KHFRUUHVSRQGLQJ
FRQGLWLRQRUVWDWXVRIWKHFDWHJRULVHGGDWDZLOOEHWKHHVVHQWLDORXWSXWRIWKH-DOJRULWKP7KHGDWDVHWLVIRUPHGE\LQSXW DQG
FRUUHVSRQGLQJRXWSXW7KHIRUPHGGDWDVHWLVXVHGWRWDNHWKHXVHIXOIHDWXUHDQGFODVVLI\XVLQJ-DOJRULWKPWKHGHFLVLRQWUHH
JHQHUDWHGLVVKRZQLQ)LJ 7KHUHFWDQJOHER[LQWKHGHFLVLRQWUHHLQGLFDWHVFODVVHVRIWKHWRRO7HUPZLWKLQSDUHQWKHVLV
LQGLFDWHVWZRQXPEHUVVHSDUDWHG E\DVODVK7KHILUVWQXPEHULQFDVHRIWZRQXPEHUVRUWKHRQO\QXPEHULQGLFDWHVWKHQXPEHU
RIGDWDSRLQWVWKDWDVVLVWWKHGHFLVLRQ
 )HDWXUH([WUDFWLRQDQG6HOHFWLRQ
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